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(71) We, TIDELAKD SIGNAL COR- 
PORATION, a corporation organised and 
existing under the laws of Texas, United 
States of America, of 4310 Directors Row, 
5 Houston, TesBs 77CI'52j Unitsd States of 
Americaj do hereby declare ±e inventioa, for 
which we pray that a patent may be granted 
to ns and the method by which it is to be 
performBd, to be particulaily described in and 

10 by tiie following statement: — 

This invention concerns a double actbg 
turbine for converting water wave energy to 
electrical power in a marine buoy or platform. 
It has long been recognized that tte water 

15 waves provide a valuable non-polhitmg energy 
source. And in particular, the advantages of 
■utilizing the mve energy in remote locations 
such as buoys and ofifshore structures have 
been proposed ia United States Patent Nos, 

20 3,064,137 and 3,200,255. However, the prior 
art devices have been relatively inefficienii 
have had a low power output, and have been 
relatively complex. 

■ The present invention is directed to an im- 
25 proved apparams for converting wave energy 
to electrical power by providing a double acr- 
iog turbine driving a generator to produce 
electrical power. The turbine will rotate in 
a single direction regardless of tiie direction 
30 of flow of air through the body and generates 
power both as the water rises and falls in the 
tube. 

The present invention is directed to a double 
acting turbine for convening the wave energy 
35 of water into electrical power in either a float- 
ing or a fixed installation. 

According to the present invention, there 
is provided an apparatus for converting the 
wave energy of water to electtical power com- 
40 prfeing, 

a tubular body, one end of which is adapted 
to be inserted into water waves and the second 
end adapted to extend out of die water where- 
by the rise and fall of water in die body creates 
45 a flow of air in alternate directions through 
the body, 



a turbine wheel having a plurality of out- 
wardly extending blades positioned in the body 
above the water level and exposed to and 
rotated by the flow of air, . 50 

_ an electtical generator connected to the tur- 
bine wheel for generating ekctridty in res- 
ponse to the rotation of the wheel, 

the cross-sectional shape -of the blades being 
shaped to provide an air flow passageway be- 55 
tween adjacent blades which decreases in area 
from each edge thereby forming a restriction 
in the passageway between the blade edges 
whereby the wheel wiil rotate in a single direc- 
tion regardless of the direction of flow of the 60 
an: through the body. 

Hie turbine is double acting, that is, it 
rotates in a smgle direction, but is rotated in 
response to the air flowing in either direction 
through the body so that power ia generated 55 
as tile water both rises and falls in the tube. 
The abilily of the turbine to be douhde acting 
and thus utilize and create power both on 
rising and falling of the water is a consequence 
of the cross--secriongl shape of the blades pro- 70 
viding an air flow passageway between adja- 
cent blades which decreases ia area ftcan each 
edge thereby forming a restriction in the 
passageway between the blade edges thereby 
speedmg up die ah: flow and changing its direc- 75 
tion and creating a centrifugal action of the 
ah: passing through the turbme blades which 
acts on the blades to rotate the turbine. The 
air flow slows, down after it has passed die 
restriction so that the air leaves diB turbine on 
rotor at low velocity thereby decreasing tiie 
pressure loss rtf the air as it flows tiirou^ the 
turbme thereby increasing the efficiency of ±e 
turbine._ 

In this double action mrbine generator for 85 
amverting wave energy into electrical power, 
a concave surface is preferably provided on 
one side of the turbine blades and a convex 
surface is preferably provided on the opposite 
side of the turbine blades. 90 

A stator may also be provided on each aide 
of the turbine wheel, each stator having a 
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pluraliiy of blades directed towards the con- 
cave surfaces of the bladea of the turbine 
wheel. 

The tubulai body may include a plurality 
5 of bousingSj one end of each of whlcb is 
adapted ro be inserted into the watex waves 
and the second end of each of said bousing 
is adapted to extend out of the -wateFj the 
second ends being connected togedier to a 

10 common conduit whereby the plurality of 
bonstngs provide an increase in air flow for 
increasing the electrical output fttrough the 
turbine wheel which is posxtioned in com- 
mnnicatiQn with the common conduit. 

15 Alternatively, the tubular body may include 
at least two housings with the housings hori- 
zontally spaced apart a dislance approximately 
equal to a half of the length of a normal wave, 
the second end of one of the housings being 

20 connected to one side of the turbine and lie 
second end of the other of the housings being 
connected to ihe second side of the turbine 
v&ereby the two housings act in synchronism 
during normal wave condition for alternating 

25 air in both directions through the turbine. 

Other and further features and advantages 
will be readily apparent firom lie follawing 
exemplary description of the present invention 
with reference to the accompanying drawingSj 

30 in which: — 

Figure 1 is an elevational view illustrating 
the present invention as used on a floating 
buoyj 

Figure 2 is an enlarged fragmentary cross- 
35 Eectional view showing the stators and rotor 
of the present inventiorij 

Figure 3 is an elevational view, showing 
the use of the present invention in use on a 
fixed platform utilizing a plurality of housinp;, 
40 and 

Figure 4 is an elevational view of a further 
modificatiDn of the present invention. 
_ Referring now to the drawings, and par- 
ticularly to Figure 1, the apparatus of the 

45 present mvention is generally indicated by die 
reference mimeral 10 whiti may be ei±er a 
floating or a fixed structure and generally in- 
cludes a tubular body generally indicated by 
the reference numeral 12 which may include 

50 a first enlarged pordon 14 and a second smaller 
cross-sectional portion 16. One end of the 
tubular body 12 such as 18 is adapted to be 
inserted into the water and the second end 
20 is adapted to extend out of the water. If 

55 the apparatus 10 is a floating buoy, a suitable 
buoyancy chamber 22 is provided and the 
apparatus 10 would be cormected to an anchor- 
ing cable (not ahown), 
The water waves cause a rise and fall of 

60 the water level 24 inside of the tubular body 
12 which alternately creates an air flow up- 
wardly and downwardly through the section 
16 of the tubular body 12. The section 14 is 
enlarged compared to the section 16 in order 



to create a greater volume of air flow in the 65 
section 16. 

A tutbbe wheel 30 having a plurality of 
outwardly extfindh^ blades 32 extendhiE from 
a hub 31 is positioned m the section 16 of the 
tubular body 12 above the water level and 70 
exposed to and rotated by the flow of air 
to_ the tubular body 12. A conventional elec- 
trical generator 34 is connected to the turbine 
30 to produce electrical power whidi may 
either be used directly or for charging storage 75 
batteries. Upper and lower flow control cones 
36 and 38 are provided for directing the flow 
of air through the rotor 30 through a restricted 
passageway for speeding up the air flow. 

The above description of a turbine-generator 80 
is generally old. However^ none of 3se prior 
art devices utilizes a double acting turbine 
wheel which can rotate in the same diection 
wiale utilizing die air flowing in either direc- 
tion through die tubular body 12. The present 85 
turbme wheel is designed to provide an in- 
estpensive and trouble-free structure without 
requiring the _ complicated mechanical strac- 
tuie of the prior art devices. 

The turbine 30 of the present invendon 90 
incindes a circular hub 31 on which is moun- 
ted a plurality oi outwardly extending blades 
32. Preferably^ each of the blades 32 includes 
a concave surface 40 on one side of each of 
the blades 32 and a convex surface 42 on 9S 
the second side of the blades 32. Additionally, 
the cross-sectional shape of the blades 32 in- 
creases from die edges 44 and 46 to a maxi- 
mumj preferably in the center of the blades, 
thereby providing a flow passageway 48 be- IQO 
twem each of the blades 32 wiiici decreases 
in size from each blade edge 44 and 46 to 
form a restriction 50 between adjacent blades 
32. Therefore, when the air passes through 
the turbine blades 32 from either direction, 105 
the low pressure air will enter the passageways 
46 and will accelerate as it reaches the res- 
triction 50 and will contact the concave sur- 
faces 40 and change direcdon and by centri- 
fugal force will cause the turbine 30 to rotate UQ 
m the direction of the arrow 52. It is furdier 
noted that the ahr passageway 48 is enlarged 
on each side of the restriction 50 whereby the 
low velocity air will enter the passageway 4S 
on one side of the restriction 50, will accelerate 115 
m die restriction 50, and will slow down after 
passing the restriction 50 so that die air leav- 
ing lie turbine rotor 3D is again at a low 
velocity thereby decreasing the pressure loss 
of the di m leaves the turbine 30 and in* 120 
creasing the efQciency of the turbine 30. It 
is tiierefore noted that whether tiie ak passes 
upwardly through die uirfaine 30 or down- 
wardly through die mrbine 30 of Figure 2, 
die turbine blades 32 will rotate in the direc- 125 
tion indicated by the arrow 52. Therefore, the 
present turbine blade wiU generate power 
while the at is flowing m either direction to 
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the turbine to provide a simple but bi^y 
efficient double acting turbine-generator for. 
converting wave action to elecnricity. In one 
embadiment of the present invention, the tur- 
5 bine rotor includes twelve blades 32 an a six- 
inch diameter hub 31 mth tfaree-inch long 
blades 32 extending iietrfrom. The concave 
suifiacBs 40 have a diree-incli radius and ttie 
coBves side 42 includes sides 42 dirccad at 

10 45 degrees from tie horizontal and joined 
by a rounded shoulder 47 having a haE-inch 
radius thereby preventing sharp edges in the 
air flow path. 

If desired, a staira 54 may be placed on 

15 one side of the turbine -wheel 30 and a second 
stator 56 may be placed on die second side 
of the turbine wheel rotor 30. Each of the 
stators 54 and 56 includes a plurality of 
equally spaced parallel Hades 58 and 60, res- 

20 pectively, which are diieciEd towards the con- 
cave surfaces 40 of the turbine blades 32 for 
increasing the centrifugal effect of the air flow 
on the concave surfaces 40. 

One of the factors in providing a greater 

25 electrical outjiut from, the apparatus 10 is to 
increase the aix fiow through tibe tubular body. 
"While die cross-sectional area of the enlarged 
portion 14 of the tubular body 12 may be 
suitably sized in floajnng buoys for increasing 

30 the air flow in the upper section 16, it may 
not be feasible for various reasons to utilize 
large cross-sectional tubular members when the 
apparatus is conneaed to a fixed platform. 
Referring now to Figure 3, a modified gtrac- 

35 ture is shown wherein a tubular body gener- 
ally indicated by the reference numeral 60 
includes a secdon 62 having the turbine 30 
and generator 34 therein, as previously des- 
cribed in connection with Figure 1, In addi- 

40 tion, the tubular body 60 includes a plurality 
of housings, here shown aa houainga 64, 66, 
and 68, each of which is connected to and sup- 
ported from one of the legs of a platform 70. 
Each of the housings 64, 66 and 68 are 

45 adapted to be comiected closely together 
whereby each is similarly actuated by a wave 
72 to have generally simultaneously rise and 
fall of water therehi. Each of the housings 
64, 56 and 68 includes a first end 74, 76 end 

50 78, respectively, which is adapted to be in- 
serted into the water and a second end SO, 
82 and 84 which is adapted to extend out of 
the water. The second ends 80, 82 and 84 
are manifold together to a common conduit 

55 86 connected to the section 62. Therefore, 
the plurality of housings 64, 66 end 68 in- 
crease liie electrical output from the turbine 
30 and generator 34 by mcreasing the voltane 
of the air flow throng xke system. 

60 Referrhig now to Figure 4, a finrther em- 
bodimeni is shown for increasing the air flow 
and consequently the electrical output of die 
'double acting turbine 30 and generator 34. 
At least two housings and here shown as four 

65 housings, 90, 92, 94, and 96, are provided 



having then: lower ends adapted to be In- 
serted into the water waves and their upper 
ends adapted to extend out of the water. It 
is to be noted that two of the housings, such 
as 90 and 92, are separated horizontally a din- 70 
tance approximately equal to half the length 
of a normal wave 100. Therefore, witii the 
wave 100 in the position shown in Figure 4, 
the water inside of -the housing 90 has risen, 
to its maxinmm pushing air upwardly in the 75 
housing 90 while the water in the housmg 
92 has fallen to its rmnimnTn thereby drawing 
air downwardly into the housing 92. This 
puah-pull effect may be utilized to drive the 
turbine 30 with a greater force to provide go 
a greater electrical output Since the air flow 
in and out of the housings 90 and 94 are in 
phase, the housings 90 and 94 are connected 
to a common manifold 102 which is connected 
to one side of the turbine 30. The housings gj 
92 and 94, since tiiey are in phase with each 
other, but are out of phase with housings 90 
and ?4s are connected to a common manifold 
104 connected to the opposite side of the 
turbine _30_ for maximum electrical output, 90 
While the housings 90, 92, 94 and 96 are 
shown schematically, they would preferably 
be nmnected to a platform larger than the 
platform 70 of Figure 3 which was capable 
of taking advantage of the push-pull efiect 95 
found between the valleys and crests of the 
normal wave action encountered. 

The present invention, therefore, is well 
adapted to carry out the objects and attain 
the ends and advantages mentioned as well 100 
as oiiers inherent therein. 'While presently 
preferred erabodimenta of the invention are 
aven for the puiprae of disclosure, numerous 
changes in the details of constructfon and 
arrangement -of parts will readily suggest them- 105 
selves to those skilled in the art and which are 
encompassed witiun the scope of the appended 
daims. 

WHAT WE CLAIM IS; ^ 

1. An apparatus for converting the wave HO 
energy of water to electrical power caropriaing, 

a mbular body, one end of which is adapted 
to be inserted into water waves and die second 
end adapted to extend out of die water where- 
by the rise and faU of water in the body creates 115 
a flow of air in alternate directions through 
the body, 

a turbine wheel having a plurality of out- 
wardly extending blades positioned in the body 
above the water level and ejcposed to and 120 
rotated by the flow of air, 

_ an electrical generator connected to the tur- 
bine wheel for generating electricity in res- 
ponse to the rotation of die wheel, 

the cross-sectional shape of the blades being 125 
shaped to provide an air flow passageway be- 
tween adjacent blades v/hich decreases m area 
from each edge thereby forming a restriction 
in the passageway between the blade edges 
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whereby the wheel will rotate in a single direo 
ticm regardless of the direction of flow of the 
air through ^e body, 

2. The apparatus oF daim 1 irfierein the 
blades include a concaTe surface on one side 
and a convex surface on die apposite side. 

3. The apparatus of clRi'm 2 includingj 

a. Etator on each side of the turbme wheel, 
each, stator liaving a plurality of blades dnec- 
ted towards the concave surfaces of the 
blades of the turbine wheeL 

4. The apparatus of claim 1^ 2 or 3 where- 
in lie tubular body Indudesj 

a plurality of housings, one end of each 
of which is adapted to be inserted into tibe 
water waives and the second end of eadi of 
said housings is adapted to estend out of the 
waterj said second ends being connected to- 
gether to a common conduit whereby the plu- 
rality of housings provide an increase in air 
flow for Increasing the electrical outputi and 

said turbine wheel being positioned in the 
coiomon conduit 

5. The apparatus of chdm 1, 2 or 3 wherein 
B tubular body includes, 
at least two housings, said housings hori- 
zontally spaced apart a distance approximaieiy 
equal to a half the length of a normal wave, 
one end of each of the housings being adapted 
to be inserted into water waves, and the 
second end adapted to esaend out of the water, 
ihc second end of one of the housings con- 
nected to one side of the turbine, and the 
second end of the other of said housings 
connected to the second side of the turiiine. 

6. The apparatus of clnim 1, 2 or 3 wherein 
the -tubular body indudes, 

at least four housings, said housing posi- 
tioned such that the first and third housings 
simultaneously encounter the crest of a nonnal 
size Tirave at the time the second and fourth 
housmgs enconnffir a valley of the wave, one 
end each of said housings positioned in the 
watetj the second end of each of the housuigs 
extendhig out of lihe water, the second end 
of the first and third housings connected to- 
gether and connected to one side of the tur- 



bine, the second end of the second and fourth 
housnigs connected topther and connected to 
the second side of the turbine. 50 

7. An apparatus for converting the wave 
energy of water to electrical power cDmprising, 

a tabular body, one end of which is adapted 
to be inserted into water waves and the second 
end adapted to extend out of the water where- 55 
by the rise and fall of water in the body creates 
a flow of air in alternate directions through lie 
body, 

a turbine wheel having a plurality of out- 
wardly extending blades positioned in the body ^ 
above the water level and closed to and 
rotated by -the flow of air, 

_ an electrical generator connected to the tur- 
bine wheel for generating dectridty in res- 
ponse to the rotation d the wheel, 65 

said blades including a concave surface one 
end side and a convex surface on the second 
side, the cioss^ddonal shape of the blades 
increasing in size from eadi edge towards 
the center of the blades thereby providing an 70 
aur flow passageway between adjacent blades 
which decreases in size from each blade edge 
whereby the turbine wheel wfll rotate in a 
single dhecrion regaidkas o£ the direction uf 
flow of the air through the body, and whereby 75 
the air -velodry decreases after the air passes 
the restriction thereby decreasing tie pressttre 
loss of the air as it passes through the tur- 
bme wheel and increasing the effidency of 
the turbine. gg 

S. An apparatus for converting the wave 
energy of water to electrical power substan- 
tially as herein described with reference to 
Figures 1 and 2, or Figures 1 and 2 in con- 
juncrion with Figure 3 or 4, of the accompany- 35 
ing drawings. 

R. G. C jmKINS & CO., 
Chartered Patent Agents, 

Chancery House, 
53—64 Chancery Lane, 
London WC2A IQU, 
Agents for the Applicants. 
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